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TUBULAR LIGHT S OURCE REFLECTOR AND LIGHTING DEVICE 
BacK Qroun cl FIELD OF INVENTION 

The present invention relates to the field of tubular reflecting. More particularly, 
the present invention relates to a tubular reflector and a tubular lighting device for 
automotivejighting. 


BACKGROUND OF THE im^ENTION 


There is generally an increasing need, particularly in the automotive lighting 
^ industry, for tubular light source applications. For example, one such apphcation may be 
10 a Center High Mount Stop Lamp (i.e., CHMSL). Tubular light sources used in such 
applications may be mounted within an elongated reflector having a parabolically shaped 
reflecting surface. For example, Figure 1 illustrates a tubular lighting device 5 having a 
height y and having a tubular light source 10 situated within a parabolic reflector 20. The 
reflector 20 has a first aperture end 26 and a second aperture end 28, the distance between 
15 the two ends 26, 28 (i.e., distance j') defines a reflector aperture 35. 

Reflector 20 includes a parabolically shaped reflective surface 24 for reflecting 
rays emitted from source 10. Surface 24 extends from the first reflector end 26 internally 
within reflector 20 to the second reflector end 28. 

Generally, the Ught source 10 is disposed near a focal point,/, of the parabolic 
20 reflector 20. In this manner, light emanating from light source 10 is distributed away 
from source 10 and towards reflecting surface 24. Light incident upon reflecting surface 
24 is reflected and directed forward towards aperture 35, parallel to a paraboloid axis of 
reflector 20, axis-a. Aperture 35 may include a lens 36 through which the reflected light 
is then transmitted. For example, the lens may or may not have pillow or fluting optics. 
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These optics may serve to provide additional spread if necessary, depending upon the 
desired beam pattern. The lens optics may also serve to provide certain aesthetic 
characteristics of the reflector, such as providing a more uniform appearance. 

For example, light ray 14' emitted from source 10 is directed towards the 

5 reflective surface 24 of reflector 20. Ray 14' is incident upon surface 24 af point Rl and 
ray 14" is redirected towards aperture 35 parallel to axis -a. In a similar manner, emitted 
ray 16' is directed towards reflector surface 24. Ray 16' is incident at point R2 and ray 
16" is redirected towards aperture 35, parallel along axis a. At aperture 35, rays 14", 16" 
may be refracted by a prism or lenses of the lens 36. In this manner, reflector 20 may be 

10 used in conjunction with a lens device to form a lighting device, forming a desired beam 
pattem. 

One disadvantage of tubular lighting devices, such as device 5, is that, because of 
the location of the hght source, the amount of controlled light (i.e., light directed to the 
aperture) may not be optimized because of the location of the light source. Consequently, 
15 the overall illumination efficiency of the lighting device may be adversely affected. One 
reason that efficiency may be adversely affected is that a reflector has a relatively large 
height in comparison to the depth of the reflector. So, the amount of light that may be 
collected by the reflector and that forms the desired beam pattem is small. For example, 
as shown in Figure 1, (Xi represents an upper half amount of light emanated from source 
20 ^ 10 and reflected towards aperture 35. Reduced efficiency and therefore a smaller cXj may 
yVy S be caused in part by emanated light that is not redirected towards lens 36 and therefore 
L does not contribute to the overall efficiency. 
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For tubular reflectors having relatively small apertures, light emanating jfrom a 
light source, reflected by the reflector, and hence directed towards the reflector aperture is 
limited. Since certain tubular reflector applications require a small aperture, such as the 
aperture in an automotive CHMSL application, emanated light may not be reflected 
5 and/or directed towards the aperture. Consequently, a portion of the overall illuminated 
light does not enhance the overall efficiency of the reflector, and therefore the efficiency 
of overall lighting device. 

Another general disadvantage of parabolic reflectors, such as reflector 20 shown 
in Figure 1, is the restricted height of a tubular light source 10. Typically, in certain 
10 automotive lighting device applications, such light sources may range in height 
(diameter) from 3mm to 10mm. The light source height may be limited by design 
constraints imposed by certain applications, particularly automotive lighting design 
constraints. 

The reduction of the overall height for styling and mounting requirements may 
15 also result in limiting reflector efficiency. To a certain degree, the reduced height may be 
offset by increased depth, but only with diminishing effects on the light efficiency. For 
example, where the Ught source is mounted in an automobile spoiler, a limiting design 
constraint may be the overall dimensions of the spoiler. Usually, a limiting constraint is 
the neon tube system. While it may be possible to use a neon tube having the length of a 
20 spoiler, using a tube having such a length may be impractical due to certain power 
considerations. 

There is, therefore, a general need for a tubular light source and a tubular reflector 
that increases the collection of emanated light such that an increased amount of reflected 
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light may be directed towards the reflector aperture. There is also a general need to 
increase the amount of reflected light, direct this collected light in a desired beam pattem 
while also increasing styling flexibility. A need also exists for a reflector configuration 
that increases the collected and emanated light while also attempting to limit the overall 

5 height of the tubular reflector. 

A need also exists such that a resulting illumination distribution pattem may 
satisfy certain automotive illumination requirements, such as a Federal Motor Vehicle 
Safety Standards 571,108 ("FMVSS"). FMVSS which is herein entirely incorporated by 
reference and to which the reader is directed to for further information. 

10 Altematively, there is a general need for a reflector configuration that increases 

the collected and emanated light such that a resulting illumination distribution pattem 
may satisfy certain lighting standards imposed by automotive manufacture, such as Ford, 
General Motors, Honda or the like. 
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SUMMARY OF THE INVENTION 

In accordance with the invention, a tubular reflector includes a reflector portion 
generally positioned about a tubular light source. The reflector portion reflects light 
emanating firom the light source. A semi-circular reflector having a generally smooth 
5 reflective surface is coupled to the reflector portion so that light emanating from the 
tubular light source is reflected off of the semi-circular reflector and towards the aperture 
of the tubular reflector. 

In accordance with another aspect of the invention, a tubular reflector includes a 
semi-circular reflector for positioning about a tubular light source. The semi-circular 
10 reflector reflects light emanating from the tubular light source. A multi-faceted reflector is 
coupled to the semi-circular reflector. The reflective surface has at least two facets 
positioned at angles to one another so that hght emanating from the tubular light source is 
reflected from the light source. 

In yet another aspect of the invention, a tubular lighting device includes a housing 
15 portion having an interior reflecting surface. A first reflective finish is disposed on the 
interior reflecting surface. A reflector portion is coupled to the interior reflecting surface. 
A tubular light source is mounted in the semi-circular reflector portion. A second 
reflective finish is disposed on the semi-circular reflector portions. A lens portion is 
coupled to the housing portion such that the finish reflects light from said tubular light 
20 source towards the lens portion. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a cross sectional view of a parabolic lighting device including 
a parabolic reflector and a tubular light source; 

Figure 2 illustrates a cross sectional view of a reflector incorporating a preferred 
embodiment of the present invention and including a reflector positioned about a tubular 
light source; 

Figure 3 illustrates a partial view of a tubular reflector incorporating a preferred 
embodiment of the present invention and including a reflection diagram for the tubular 
light producing element shown in Figure 2; and 

Figure 4 illustrates a cross sectional view of a multi-faceted tubular reflector 
having a semi-circular reflector that may be positioned about a tubular light producing 
element. 
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DETAILED DESCRIPTION 


Figure 2 illustrates a cross sectional view of a tubular lighting device 40 
incorporatmg^^preferred embodiment of the present invention. Lighting device 40 
includes a reflector 41rta^g generally smooth internally reflective surface 42 extending 
from a first surface end 60 of theYsQector 41 to a second surface end 62 of the reflector 
41. The distance between the surface ends'bQ^2 defines a reflector aperture In the 
exemplary embodiment illustrated in Figure 2, the hei^^of the aperture is represented by 
y." Preferably, surface 42 includes a reflective finish 43 suchaSs^minum metalization. 
10 Other reflective finishes such as argent paint or chrome coating may also&i8>used. 


Reflector 40 also includes a reflector portion 44 having a reflective surfaceM5. A 
tubular light producing element 50 is positioned within the reflector portion 44. 
Preferably, reflector portion 44 is a semi-circular reflector and reflective surface 45 

O 

includes a reflective finish 47 similar to the finish provided on reflective surface 42. 

15 Reflector portion 44 has a generally circular shape. Alternatively, the reflector 44 

may be slightly elliptical. Reflector portion 44 is positioned about tubular light 
producing element 50 which acts as a volume emitter. Reflector portion 44 has a height 
generally equivalent to the diameter of light source 50. In this exemplary embodiment, 
this diameter is illustrated as the distance d in Figure 2. The light source can be clipped 

20 in place. Other mounting methods, such as trapping, may also be utilized. 

For purposes of this general discussion, light emanating from light element 50 
may be said to emanate from a center of the volume emitter 50, such as from light point 
P2. For example, light ray 54' can be said to emanate from light source 50 {i.e., Ught 
point P2). Ray 54' will be incident upon surface 42 and reflect at reflecting point R4. 
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Reflective surface 42 redirects ray 54" towards a reflector aperture 56. A lens means 58, 
for example a pillow or flute optic, may be coupled to reflector 41. In such an 
embodiment, at aperture 56, redirected light ray 54" may propagate through a lens means 
58 so that the redirected light may be processed to achieve a desired beam pattem. The 
lens may be mounted with glue or welded to the reflector 41. 

Reflector portion 44 of reflector 40 provides a means for increasing the amount of 
redirected light. Since the embodiment illustrated in Figure 2 provides a means of 
increasing the^ quantit y of li g ht directed towards aperture 57 , the overall ratio of 
redirected versus emitted light is increased (i.e., the reflector efficiency increases). For 
example, ray 57' emanating fi-om point P2 may be directed towards reflector surface 47 
of reflector portion 44. Ray 57', incident at R5 of surface 47, is reflected back through 
light providing element 50 and consequently there is no scattering. Ray 57" will then act 
as if it were emitted from P2 in the opposite direction. 

Several advantages are achieved by positioning light source 50 within the 
reflector portion 44 of a semi-circular or generally elliptical reflector. One advantage is 
that the amount of light re-directed towards lens means 58 is increased. Consequently, 
the overall reflector efficiency of the reflector 40 may be increased. This may be 
evidenced by comparing (X2 of Figure 2 which is generally twice the size of (Xj of Figure 
1. 

In an alternative preferred embodiment, an inner reflective surface of a tubular 
reflector is multi-faceted. In such a preferred embodiment, a plurality of facets are 
arranged in a step-wise orientation so that the reflected and hence redirected light 
achieves a desired distribution pattem. Such a preferred configuration may also 
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maximize light source distribution efficiency. Alternatively, various multi-faceted 
reflector embodiments may be configured so as to comply with specific lighting 
distribution requirements, such as the<^MS^. Such reflectors may be coupled to a lens 
means such that the body and lens means comprise an automotive lighting device, such as 
5 a^^d^k^tSL^ a stoplamp, or the like. 

Figure 3 illustrates a partial view of a preferred multi-faceted tubular reflector 72. 
Figure 3 includes a partial view of a semi-circle reflector portion 70 having a radius b. In 
the exemplary embodiment illustrated in Figure 3, reflector 72 has four reflecting facets 
74, 78, 80, and 84. Each facet has an inner reflective surface 76. Preferably, the 
10 reflecting surfaces of the facets have similar reflective finishes. For ease of discussion, 
semi-circular reflector 70 and multi-faceted reflector 72 are positioned along an x versus 
y graph. 

^(j^ Figure 3 inclrld^sa ray diagram for a tubular light producing element 74 {i.e., P3). 

C^3* By computing the various'^kiides shown in Figure 3, the facet location and angle 
15 positioning between each adjacent fac^ts^ay be derived. 

In one aspect of the present invention, facet location and angle are chosen such 
that the configured multi-faceted reflector creates a light distribution pattern that 
complies with certain light distribution requirements. For example, location and angle of 
facet orientation may be chosen such that the resulting light distribution pattem meets 
20 requirements of FMVSS. 


I T In Figure 3, various light rays are shown emanating from Ught source point P3. 

/ Rays 106, 108, 110 and it^emanate from point P3 at various angles. For example, ray 
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f|*^ 106 eman^es from an angle of 9^ from the vertical 104 (i.e., y-axis). Emanated rays are 


then incident upon reflective surface 76 of reflector 72. 


The geometry of the reflector 72 includes a plurality of facets: a first facet 74, a 
second facet 78, a third facet 80, and a fourth facet 84. These facets reflect light 
5 emanating from light source 74 at several different angles towards, preferably away from 
the reflector portion 70. The reflected or redirected light is then directed towards an 
aperture 79 and preferably onto a target surface, which may be a lens. The multi-faceted 
reflector has the effect of redirecting the reflected light and therefore may provide a 
desired distribution of light towards aperture. 

10 In a preferred embodiment, facet location may be altered in order for the resulting 

reflector to achieve a desired light distribution pattem. For example, facet orientations 
may be derived so as to generate a certain light distribution pattem as called for a Federal 
regulation or altematively as called for by an automobile manufacture. Below, the 
following equations provide one method to determine facet location for a tubular reflector 

15 CHMSL application wherein the above and below horizontal angular differential is IS"". 
For the equations provided below, it is assumed that (pi, (p2 etc. are equivalent. 

Referring to Figure 3, one can derive the following equations given three points 
(PI, P2, and P3) in two-dimensional space. Point PI defines the end of first facet 74 and 
the start of second facet 78 and point P2 defines the end of second facet 78 and the start 

20 of third facet 80. Similarly, third point P3 defines the end of third facet 80 and the start 
of fourth facet 84. Point P4 defines and end point of reflector 72 and the aperture of the 
reflector. 


McDonnell Boehnen Hulbert & Berghoff \ I 

300 South Wacker Drive 
Chicago, IL 60606 
Tele: 312-913-0001 
Fax: .312-913-0002 


10 


15 


In the following equations, assuming that the tubular light source has a radius of 
b, one can determine the location in two dimensional space of two points: P, = (Xj, y^) 
and P2 = so as the locations of the first facet 74 may be determined. A similar 

determination can then be made for the second, third , and fourth facets 78, 80, and 84 
respectively. 

The start of the first facet 74 is given as Po = (Xq, yo) = (0, b). For the termination 
of facet 74 and therefore the start of facet 78 (i.e., point Pj = (Xi, y,)), one can solve as 
follows: 

= tan (p^ = cot((pj )x^ 

V 2 J 


n 


y^-b = tan a 


jCj = cot(a,)xj 


Xj (cot((p J ) - cot(a 1 )) = ^ 


^ sin (a J -9,) 
sin(a,)sin(q),)^ 


sin(a2) 
sin(a,)sin((p,)^ 


= b 


= b 


Therefore, the location of the start of the second facet 78 (/.e, PI) can be derived 
as follows: 

sin(aj)sin((pj) 
sin(a2) ^ 


tan((pj) 
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For an exemplary embodiment, (X, = 52.5°, 0(2 ^ 37.5°, cpj = 15°, and b=5. 
Applying the above equations, one may derive the following: Xj = 1.69, and y^ = 6,29. 

For the location of the end of the second facet 78 and the start of the third facet 
(i.e., location of the second point P2 (X2, y2)), assuming that cp, = 92, one may derive the 
5 following: 

yi =COt((Pj +(p2)x2 


tan(2(pj 


yi -yi 


71 

tan --(cp, +a2 + p,) 

= cot(cpi +a2 + Pi) 
= cot(cpj +ai-(p, + 
= cot(ai + Pi) 


10 


15 


yi-yx =cot(a, + p,X^2-^i) 

X2[cot(2(p,)-cot(ai 4- pj)] = 3;j -cot(aj + p,)xj 


sin(ai + p, -2(pj) 
sin(ai + Pj)sin(2(pj) 

sin (a 3) 


yi 


tan(aj + pj 


= yi 


sin(ai + pj)sin(2(pj)J * l^tan(a, + pj 


Therefore, for P2 one may solve as follows: 


X, = 


y^ - 


tan(ai + p^) 


sin(aj + pi)sin(2(pj) 


sin' 


yi = 


tan (29,) 
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And for P3 one may solve: 
= cot(3(p,)x3 

=cot(a3 + +2(p,) 


= cot(ai + pj -2(pj + P2 +2(p,) 
= cot(a, +2p,) 

y,-y2= cot(a, + 2pi X^3 - ^2 ) 


X3[cot(3(pj)-cot(ai H-2pj)] = - 


tan(aj+2Pi) 


Therefore, for the third point P3, one may conclude: 


sin(ai +2pi)sin(3(pj) 


tan(ai +2pj)j sin(a4) 


y3 = 


tan(3(p,) 


Consequently, based on the above resulting three equations, the three imknowns x^, y^, 
10 and 0£j may be solved: 


tan(a, + (/-l)p) 


sin(a 1 + (/ - l)p )sin(z(p ^ ) 


sin(a.^J 


tan(/(pj) 


Furthermore, by making a number of assumptions, generally equations may be 
derived for the and k^* facet of a multi-faceted reflector: 
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9i =92 =...=9 
P,=P2=- = P 

(a^ + p)-(p 
= ai + p - 2(p 
^4 = (a3 + p)-(p 
- a, +2p -3(p 

Therefore, for the facet, once can derive the following: 
a. = a^ -(/-2)p -(i-l)p for i>2 

Also 

_7t/2+(p 



The following equations provide a means for determining the orientation of the 
facets of a multi-faceted reflector having a semi-circular reflector portion. Alternatively, 
the multi-faceted reflector may have a semi-elliptical portion. 

In the equations provided below, the first point PI is designated in two 
dimensional space as (x„ yj) and the second point P2 is designated in two dimensional 
space as (Xj, ys). Preferably, as illustrated in Figure 3, PI may be defined as the location 
of the beginning of the second facet and P2 may be defined as the location of the 
beginning of the third facet. Once the angle cp is chosen, p may be derived and each facet 
location (x,, y,) may be obtained fi'om the above equations. 
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agure 4 illustrates a cross sectional view of an exemplary embodiment of a multi- 
faceted tubul^ reflector 120 constructed in part, on the equations provided above. 
Reflector 120 inclb^es a first reflector portion 122 having a reflective surface 132. A 
reflective finish 133 is disjm^d on reflective surface 132. Preferably, the first reflector 
portion 122 is semi-circular in sh^ie;^ Alternatively, the first reflector portion 122 may be 
generally elliptical. 

In Figure 4, reflector portion 122 is positioned about a tubular light source (not 
shown). Reflector portion 122 has a diameter a and diameter a is generally equivalent to 
the diameter of the light source. In the embodiment illustrated in Figure 4, diameter a of 
10 reflector 120 is 5.00 mm and the overall length of reflector 120 is 13.63 mm. 

A light source (not shown in Figure 4) is positioned within reflector portion 122. 
Reflector portion 122 is coupled to the reflecting surface 160. Surface 160 comprises 
various facets, 124, 126, 128, and 130. These facets are configured in a step-wise 
configuration so that emitted light is reflected off of the internal reflective surfaces of 
15 facets 124, 126, 128, and 130 towards reflector aperture 150, Reflector 120 preferably 
has an aperture of 15.00 mm. 

In the embodiment illustrated in Figure 4, reflector portion 122 is coupled to a 
first end 135 of first facet 124 of reflecting surface 160. First facet 124 has a reflective 
surface 134. Surface 134 has a reflective finish 136. Preferably, reflective finish 136 is 
20 of a similar type as reflective finish 133. In a preferred embodiment, facets have a 
common reflective finish. 

The embodiment of the present invention illustrated in Figure 4 includes four 
facets. However, it will be appreciated that first reflective surface may include less or 
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more than the four facets illustrated in Figure 4. The number of facets and/or facet 
configuration may be a function of the efficiency and/or the light distribution 
requirements of the reflector. The number of facets may also be a function of the 
particular geometry of the resulting lighting device. Overall length of reflector 120 
5 including the depth of reflector portion 122 is 13.13 mm. The overall length of the 
multiple facet portion of reflector 120 is denoted as measurement / and is preferably 


First facet 124 has a first end 135 and a second end 137. First end 135 is coupled 
to reflector portion 122. End portion 137 of first facet 124 extends away from reflector 

10 portion 122, towards reflector aperture 150. Reflector aperture 150, designated by 
measurement e, is preferably 15.00 mm. 

Second end of first facet 124 is coupled to a first end 137 of a second facet 126. 
Second facet 126 also has a second end extending towards aperture 150. The length of the 
first facet is given as measurement g and for reflector 120 is 1.10 mm. The diameter of 

15 second end is illustrated as measurement b and for reflector 120 is 6.69 mm. The 
diameter of the second end of second facet 126 is provided by measurement c and in this 
embodiment if 9.5mm. The overall length of first facet 124 and second facet 126 is 
provided by the measurement h and for reflector 120 /z is 3.45 mm. 


20 aperture could include a lens means, such as the lens shown and described previously 
with reference to Figure 4. The lens may be pillowed or fluted to provide the required 
light distribution. 


11.13 mm. 


Where the reflector illustrated in Figure 4 is used for automotive lighting, the 
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Similar to the configuration illustrated and previously described with reference to 
Figure 2, a light source is positioned within reflector 122 which is, preferably a semi- 
circular reflector having a diameter of a. In the embodiment illustrated in Figure 4, 
reflector 122 has a diameter a equal to 5.00 mm. Reflector portion 122 can, therefore, 
5 house light producing elements ranging in diameter from 3mm and 10mm. 

While the invention has been described in conjunction with presently preferred 
embodiments of the invention, persons of skill in the art will appreciate that variations 
may be made without departure from the scope and spirit of the invention. This true 
scope and spirit is defined by the appended claims, as interpreted in light of the 
10 foregoing. 
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